Introduction
Despite years of debate, optimal management of the individual sustaining trauma to the colon and rectum continues to evolve. Current US military and worldwide combat operations have brought added emphasis to the controversies surrounding the proper management of these patients in both the military and civilian sectors. There has been a steady progression over time from nonoperative strategies to primary repair, and mandatory fecal diversion or injury exteriorization to the current recommendations of primary repair/resection and reanastomosis. Furthermore, while proximal fecal diversion remains an important option in the treatment of extraperitoneal rectal injuries, the use of traditional adjuncts has been challenged. Finally, increased utilization of damage control techniques has added not only another option to a surgeon's disposal, but also to the controversy surrounding management as well. This article will evaluate the current evidence regarding colorectal trauma and provide recommendations for the care of these patients.
Etiology and Patterns of Injury

Incidence
While it is difficult to precisely determine the incidence of both colon and rectal injuries, primarily due to the retrospective cohort nature of most published series, we can make certain inferences from the literature. In general, reports of individuals injured in combat reveal a higher incidence of colonic injuries at 5-10 %. [1] [2] [3] We can also note that the mechanism of injury varies based on environment. A recent study of colorectal injuries encountered in Afghanistan and Iraq reveals that 71 % of injuries occurred secondary to penetrating trauma, 23 % were secondary to blast, and 5 % occurred during blunt trauma. 4 Civilian series have found lower overall incidences, between 1 and 3 %, with fewer injuries related to high-energy and blast mechanisms. Colorectal injury is even less common when the mechanism is blunt trauma, with reported rates as low as 0.1-0.5 %. [5] [6] [7] Mechanism of injury also varies based on geographic location and culture, with rates of blunt colorectal trauma in urban South Africa (where penetrating injuries predominate) reported as low as 0.02 %. 8 Because the "cost" of a missed injury is so high, it is imperative that surgeons maintain a high index of suspicion for these injuries. Blunt hollow visceral injuries typically occur in the setting of high-energy transfer, and are often accompanied by head, chest, solid organ, spine, and orthopedic injuries. 9 While "high-energy" wounds are more commonly associated with military environments, this may occur in the civilian sector as well. This has never been more apparent than with the current potential of terrorist activity as evidenced by physicians involved in treating those patients following 9/11, Oklahoma City, and the Boston Marathon attacks.
Presentation
An individual who sustains traumatic injury to the colon or rectum may present with physical signs of peritonitis-much like an individual with a nontraumatic hollow visceral perforation. This will depend on several factors: time from injury, injury severity, mental status/hemodynamic status, and associated injuries. Many of these patients are not able to communicate with the surgeon, nor can they be examined effectively. Given these barriers, one must rely on basic findings and associations with injury mechanism to select patients at risk in order to identify those requiring additional investigation for these specific injuries.
Diagnosis
Patient evaluation begins with standard Advanced Trauma Life Support primary and secondary surveys, along with concomitant resuscitation. All patients should undergo an abdominal examination to evaluate for sites of penetrating wounds or peritonitis mandating urgent exploration. In addition, the flanks and perineum should be evaluated to look for subtle signs of entry that may lead to retro-or extraperitoneal injuries that may present in a delayed fashion. Digital rectal examination (DRE) should be performed with a focus on sphincter tone, presence of blood, foreign objects, or bony protrusion-especially in those patients with pelvic fractures. When a rectal injury is suspected, rigid proctoscopy should also be performed to evaluate for mucosal or full-thickness injury, as well as documenting the degree and extent of damage. Although DRE and proctoscopy can identify blood in up to 80-90 % of cases, 10 the sensitivity is only ∼33 % for rectal injuries, 11 and results in management alterations in fewer than 5 % of cases. 12, 13 Upright chest radiograph may demonstrate free intraperitoneal air consistent with hollow viscus perforation. Ultrasound use via a focused assessment with sonography for trauma may demonstrate free fluid, and has been shown to be useful for both blunt and penetrating abdominal trauma, despite being nonspecific for colorectal injuries.
14 Computed tomography (CT) scan has become the predominant radiological test of choice and is effective in diagnosing colorectal injuries in stable patients with no immediate indications for laparotomy. There is occasionally a debate with the radiologist regarding the need for contrast. In general, oral and rectal contrast is avoided initially in the acute setting; however, in select patients (such as a stable patient with a stab wound) these are oftentimes helpful. Triplecontrast helical CT has been shown to demonstrate up to a 100 % sensitivity, 96 % specificity, 100 % negative predictive value, and 97 % accuracy in patients evaluated for peritoneal violation, or colonic, major vascular, or urinary tract injuries following penetrating trauma. 15, 16 Finally, although not used as frequently, diagnostic peritoneal lavage has shown sensitivities of 84-97 % for detection of intestinal injury and should remain as a tool in the armamentarium of all surgeons.
17,18
Management
Colonic Injuries
Despite reports of negative laparotomy in ∼5-27 % of abdominal gunshot wounds and up to 53 % of stab wounds, penetrating abdominal injuries still tend to be managed with mandatory exploration, especially in the combat setting. 19 The complications from nontherapeutic laparotomy must be weighed against the morbidity of missed injuries, and may be the driving influence behind this management strategy. In general, options for management of colon injuries include primary repair, resection and primary anastomosis (both with or without proximal diversion), and resection and fecal diversion.
Primary Repair/Resection with Anastomosis Versus Diversion
Although initially published in the early 1950s, 20 a publication in 1979 seemed to begin a paradigm shift in the management of penetrating colon injuries. Despite a large number of individuals failing to meet inclusion criteria, they found equivalent rates of infection (48 vs. 57 %, P>0.05) and mortality (1.5 vs. 1.4 %, P>0.05) in a cohort of 139 patients that were randomized to primary repair versus colostomy. 21 Many criticized this study for eliminating the sickest patients from randomization and felt this was the reason for the findings. Since this publication, the trauma literature has demonstrated successful primary repair in as many as 73-85 % of civilian injuries [22] [23] [24] and 11-72 % of military injuries, 1-3,25 regardless of the underlying conditions. Of note, most of these studies were retrospective in nature and were subject to selection bias. It took over a decade for another randomized-controlled trial to be published when, in 1991, 56 patients with penetrating colon injuries were randomized to either primary repair or diversion. 26 Management of the colonic injury in this study was independent of the number of associated injuries, transfusion requirement, degree of fecal contamination, or hemodynamic stability on presentation. Septic complications were similar between the two groups (primary (21.4 %) vs. diversion (17.9 %)), and no anastomotic leakage was seen in the primary repair cohort. Other authors in this period demonstrated that primary repair was safe and avoided the additional morbidity associated with stoma construction and eventual closure. [27] [28] [29] In addition, destructive wounds and those cases with concomitant shock, excess blood loss, fecal contamination, and multiple organ injuries appeared to gain no benefit from diversion, 30 though some authors still recommended stoma placement for high-risk patients and in those where technical problems occurred. 31, 32 Guidelines have since been published that recommend the use of fecal diversion in circumstances of destructive wounds with a penetrating abdominal trauma index (PATI) >25, associated comorbidity, and hemodynamic instability. 33 Others suggest colostomy can be avoided when the PATI<15, there is minimal peritoneal contamination, and there is an absence of hypotension. 34 Importantly, these recommendations were all based on class III and limited class II data.
A more recent multicenter prospective trial involving 19 trauma centers including 297 patients with destructive colon injuries requiring resection, of which two thirds were managed by primary anastomosis, 35 revealed that colon-related mortality was significantly lower in the primary anastomosis group (0 vs. 4 %, P=0.012), with no difference in colonrelated complications (22 vs. 27 %, P=0.373). The authors found that although the presence of severe fecal contamination, transfusion of greater than four units of packed red cells within the first 24 h, and single-agent antibiotic prophylaxis were all independently associated with increased complications, outcomes were not related to the method of management of the colonic injury. This was not a randomized study, as the method of colon wound management, antibiotic use, and antibiotic duration were left to the discretion of the attending surgeon.
A 36, 37 This is not to say that all patients undergoing diversion are not treated properly. Despite evidence supporting primary repair, some have attempted to identify a subgroup of patients that benefit from proximal diversion. One group had previously demonstrated that preoperative or intraoperative transfusion of more than six units of packed red blood cells or those patients with severe comorbid disease developed suture line failure more often following primary anastomosis (42 vs. 3 %). 38 One third of those patients sustaining a leak died. Based on this data, investigators developed a clinical pathway such that the presence of either of these two conditions would prompt an end colostomy. 22 Using this algorithm, they were able to decrease their anastomotic leak and abscess rate, lower colon-related mortality, and reduce the rate of fecal diversion. A more recent 2009 review evaluating the available level I data concluded that primary repair of all colorectal injuries should be attempted, irrespective of associated risk factors. 39 In summary, the largest study, though nonrandomized, suggests that certain factors play an independent role in the development of complications-irrespective of the method of colon repair. Despite the preponderance of evidence supporting primary repair, there continues to be debate. Primary repair of penetrating colon injuries is likely as safe as diversion, especially for nondestructive colon injuries. Destructive colon injuries are also likely best addressed with resection and anastomosis, although some evidence suggests colostomy should be considered in patients with significant comorbidities, hemodynamic instability, and those with multiple associated injuries. Finally, no algorithm can replace surgical judgment, especially in the setting of technical issues, and diversion is likely wise and indicated when concerns with in-continuity management arise.
Rectal Injuries
Similar to colon injuries, the management of penetrating rectal injury has shifted over time. 40, 41 Lavenson and Cohen's Vietnam War publication on penetrating rectal injury led to the recommendations of fecal diversion, distal rectal washout, presacral drainage, and rectal repair (when feasible). 42 This essentially remained the standard until being questioned in more recent civilian literature, 43 as well as recent military conflicts. 44 Without question, the data on rectal trauma has been less robust and almost exclusively consists of class III data from very small single-institution studies. Reports that advocate one form of management over another are plagued with selection bias and small numbers. 21 Because of the confined nature of the pelvis, rectal injuries are rarely isolated, which often provides the greatest degree of variation among patients. Traditional management with diversion, repair, distal washout, and drainage may appear to be a safe approach in these complex situations.
Extraversus Intraperitoneal Location
It is important to define the anatomic location of the rectal injury as it relates to the peritoneal reflection, though similar controversy regarding the utility and need for proximal diversion versus primary repair exists with both sites. Trauma to the intraperitoneal rectum is likely best managed as a colonic injury. Extraperitoneal rectal injuries occur below the peritoneal reflection within the fixed pelvis, which presents many challenges. This is an area where the rectum lacks a serosa, where exposure can be difficult, and where visceral and vascular structures are located in close proximity to one another. Unlike injuries located above the peritoneal reflection, these patients are more often (and should be) treated with fecal diversion. In a study from the late 1980s of 100 consecutive patients with injuries to the extraperitoneal rectum, 100 % were treated with colostomy, with a resultant pelvic sepsis rate of 11 % and overall mortality rate of 4 %. 45 The authors concluded that all patients with this injury should undergo proximal fecal diversion.
It is likely the complex nature of these injuries that has resulted in more consistent methods of management across both the military and civilian sectors. Some have questioned whether management should differ between the two settings. The degree of injury likely plays a major role in determining the extent of surgery required. The literature on the use of fecal diversion with or without direct injury repair is all over the map. While some studies support diversion without direct repair, 46 others support selective nonoperative management of extraperitoneal rectal injuries 47 using only dietary restriction and limited intravenous antibiotics with follow-up contrast radiographs. 48 Despite these findings, most series employ a variety of treatment options based on proximal diversion with the addition of primary repair, presacral or transperitoneal drainage, and/or distal washout. There remains disagreement and lack of evidence regarding which regimen, or combination, is best.
As with colon injury, specific surgical procedures should be tailored to the patient based not only on the degree of rectal injury, but also on their hemodynamic status and concomitant injuries. Injuries below the peritoneal reflection may not require any exposure at all. Since they are often isolated from the peritoneal cavity, proximal diversion may be adequate treatment. Some investigators have evaluated primary repair of extraperitoneal injuries without proximal diversion, 49 while others have taken a more selective approach to the addition of proximal diversion or the omission of repair based on injury location. 50, 51 While the results of these studies supported the authors' management algorithms, they were based on small numbers of patients and were clearly limited by selection bias. What we can gather (though based on decidedly limited data) when proximal diversion is performed, direct repair of the rectal injury is likely unnecessary. Whether direct repair is needed in the extraperitoneal location in the absence of proximal diversion is still left to question, although evidence again suggests that it is not. The larger issue is likely the complex exposure and dissection required to manage these often difficult injuries that ultimately lead to prolonged operating room times, excess blood loss, and possibly higher morbidity. These are best avoided.
In contrast to some of the data cited above, a retrospective review of colorectal injuries from Operation Iraqi Freedom in which all patients were treated with proximal diversion concluded that this strategy should still play a prominent role in the treatment of combat casualties. 52 The authors found that in this setting, injuries are more often associated with high-velocity weaponry, blast wounds, increased injury severity, and complex issues native to the combat arena. This is not to mention the potential for prolonged evacuation requirements where a colostomy may be beneficial.
Use of Presacral Drains
Presacral drain usage, either via the traditional transperineal or transabdominal routes, continues to be utilized especially for those patients with extraperitoneal rectal injuries. In fact, it has been stated that "the one adjunct about which there is almost unanimous agreement is the need for drainage of the presacral space". 46 Regardless of the route of drainage, proponents cite the need for proper positioning of the drain adjacent to the injury to adequately address the presacral space. Transperineal drainage has been shown to reduce pelvic infection in a series of combat wounds. 53 As is often the case with the other components of traditional management, drain use has been questioned. Several retrospective studies have compared patients who underwent fecal diversion both with and without presacral drainage and showed no differences. [54] [55] [56] The retrospective nature of these studies makes it difficult to determine the exact role of drainage in the prevention of infectious complications. The use of presacral drains has been evaluated in a prospective randomized trial of 48 patients. Although all were managed with diversion, infectious complications occurred in only one (4 %) of the 25 patients managed without a drain versus two (8 %) of the 23 patients with a drain. The authors concluded that presacral drainage has no role in the reduction of infectious complications. 57 While it is difficult to make sweeping recommendations based on the available data, the use of presacral drainage should likely be limited, and when used, surgeons must ensure that drains communicate with the injury.
Use of Distal Rectal Washout
The theory behind the benefit of distal rectal washout centers on the potential for a persistent septic source in the pelvis. The possibility of continued fecal contamination via an open rectal wound can potentially be diminished by emptying the defunctionalized rectum. Those that advocate for this technique cite data that shows a decrease in septic complications in patients who had a washout performed. 58 This position is further supported by the fact that nearly all of these patients underwent drainage of the presacral space, yet the benefit of a distal washout was still evident. Opponents of the technique claim that the presence of feces in the rectal vault bears no influence on the rate of sepsis, but state that the process of flushing liquid into the rectum may force stool and bacteria into tissue planes that would have otherwise been minimally contaminated. Since the 1990s, most series have demonstrated no significant advantage to distal washout in civilian rectal trauma. 46, 51, 59 Although there has been limited prospective data addressing this issue, it appears that distal washout has no significant protective effect on the prevention infectious complications.
Risks/Controversies
Risk Factors for Anastomotic Leak
Anastomotic leak rates following primary repair of colonic and intraperitoneal rectal injuries in civilian trauma centers range from 0 to 15 %, 5, 38, [60] [61] [62] with a large retrospective review demonstrating a leak rate of 2.4 %. 63 Military series reveal slightly higher leak rates of 13-30 %.
1,3,52,64-66 Multiple risk factors have been associated with the development of anastomotic leaks following primary repair, including severe fecal contamination, shock, excessive blood loss, multiple transfusions, concomitant intraabdominal organ injuries, and delayed presentation/surgery. 21, 67 In addition, the degree of colon injury (destructive versus nondestructive) has been identified as a potential indication for diversion due to a higher risk for anastomotic failure. 5 A multicenter trial including only destructive wounds, demonstrated no difference in leak rate between the two methods of repair. 35 Of the other major risk factors listed, only shock has consistently been associated with increased overall infectious complications, with prolonged hypotension being a predictor of mortality as well. 41 The technique of anastomosis has also been evaluated to determine its impact on leak rates. A prospective nonrandomized trial found no difference in anastomotic leak rate (6.3 vs. 7.8 %, P=0.69) between stapled versus handsewn techniques. 68 Although some variables have been associated with both infectious and non-infectious complications, no single risk factor has consistently been demonstrated to be specific for anastomotic leak following primary repair, especially with nondestructive wounds or in a randomized trial.
Right Versus Left Colon
Despite what a survey of experienced trauma surgeons would suggest, 69 there remains the perception that right-and leftsided colonic injuries may require different treatment. 70, 71 This persists despite data to suggest these injuries can be managed similarly. 72 A 2002 study specifically evaluated patients with destructive colonic injuries, which they defined by need for resection, and found increased use of diversion with a left versus right colon injury (38 vs. 18.5 %). 22 Others have found comparable use of primary repair in right-sided versus left-sided colon injuries (55 vs. 48 %; P=0.52). 73 In a recent review of combat injuries, there was a definite trend in rates of diversion with left colon versus right colon injuries (36 vs. 19 %, P=0.07).
3 Drawing conclusions from this data is again limited by flaws inherent to these studies. Possible explanations for these trends include surgeons' fears of inferior outcomes associated with primary repair in the face of higher injury severity, higher bacterial soilage with left-sided injuries, significant resuscitation requirements, or more severe associated injuries. The observed outcomes may simply reflect sound surgical judgment and application of appropriate management given the nature of injury and patient stability.
Damage Control Surgery
In order to avoid or interrupt the lethal triad of hypothermia, coagulopathy, and acidosis, the strategy of an abbreviated laparotomy may be employed. After controlling hemorrhage and contamination, the patient can be warmed, resuscitated, and stabilized in the ICU prior to proceeding with the definitive surgical procedure. There is debate over whether an anastomosis can be completed once the patient is stable. While some have shown comparable rates of infectious complications in those undergoing anastomosis, 74, 75 others have shown improved outcomes in those treated with a colostomy. 76 An analysis of primary repair in the damage control setting concluded that it is safe, despite results demonstrating higher leak rates than those patients undergoing a standard trauma laparotomy (16 vs. 0.3 %). 77, 78 There is certainly a paucity of literature to guide decision making in this scenario. Controversy continues to exist surrounding the decision for timing of re-intervention and anastomosis or diversion after a damage control procedure. In most publications, the anastomosis occurred within 12-36 h after the initial procedure. Patients not anastomosed by the 36-h mark may be best managed with a stoma, but we lack data to guide this decision.
Conclusions and Recommendations
In summary, colorectal injuries remain a challenge associated with significant morbidity. Surgeons must be familiar with a variety of treatment options as well as risk factors for complications. The use of proximal fecal diversion must be balanced by the complications associated with the presence of a stoma and its later takedown. The available data supports the notion that almost all civilian and military colon injuries can be repaired primarily with a low anastomotic leak rate that appears to be independent of the method of repair. We must, however, temper our enthusiasm for this data, as most of it is of lower quality. Intraperitoneal rectal injuries should be treated like injuries to the colon. Extraperitoneal rectal injuries, while still most often managed by proximal diversion, have also been successfully managed with selective proximal diversion, drainage and washout-especially those in the upper extraperitoneal rectum. Distal washout and presacral drainage should likely only be employed in select circumstances. Finally, overriding everything is the fact that sound surgical judgment remains priceless in the management of these patients. 79 destructive left colon injury with a large hemoperitoneum and severe fecal contamination. The best management would be: 
